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Previous experiments w i t h  a capsule surrounded by D20 ins tead  of 
H20 showed that t h e  thermal neutron flux increased ten  times i n  the  
regions o f  the HT-2 test hole away from t h e  corea Fperiments  with a 
D20 tank containing three  i d e n t i c a l  capsules were conducted, 
t o  a s ingle  capsule i n  H20, the sum of  t he  flux i n  a l l  three capsules 
was th ree  times higher, the f lux  i n  the capsule nearest  t he  core was 
two times as high, and the f l u x  i n  each of the other two capsules was 
one half as high. Gamma heating was also measured. 

Compared 



NEUTRON FLUX MEASURWNTS I N  A THREE-CAPSUWE D20 TANK I N  

TNE N M  PLUM BROOK MOCK-UP REXCTOR 

by Klaus H. Gumto 

Lewis Research Center 

I n  order t o  use the HT-2 t e s t  hole of the Plum Brook Mock-up 
Reactor (MUR) more ef fec t ive ly ,  three tests were run using a three 
capsule D20 tank. 
l a t i n g  gas capsules arranged a t  120 degrees about the HT-2 axis .  The 
D20 tank replaced the water normally surrounai2g "cne test capsules. 
The three tests differed only i n  the posi t ion of the tank, which was 
rotated 90 degrees between runs i n  order t o  inves t iga te  the e f f ec t  of  
the capsule locat ion on the thermal neutron flux. 

The tank contained t h r e e  ransules mocking up circu- 

The measurements show that the neutron f l u x  a t  the capsule center- 
l i n e  var ied by a f ac to r  of 6 depending upon the angular posi t ion of the 
capsule about the tank axis ,  A t  the  f u e l  pins,  the neutron flux ranged 
from 4 - 3 9 ~ l . 0 ~ 3  neutrons cm2-sec when the capsule was nearest  the core, 
t o  0.756~1013 neutrons / cm2-sec away from the core. The capsule nearest  
the core i n  a three capsule tank had flux l e v e l s  26 percent below a 
s ingle  capsule surrounded by D20 tested i n  a previous experiment. 

Each fuel p in  had a f u e l  loading of  5 grams per inch ( 2  grams per 
centimeter) of U235* 
drop i n  the flux between the three f u e l  pins.  
cident on the fuel  t o  the flux a t  the center of  the fuel  was 3.2~1. 

The fuel i n  the experiment caused a 26 percent 
The r a t i o  o f  the f l u x  in-  

The sum of  the  flux i n  the three capsules w i t h  D20 i s  1.3 t i m e s  

If the capsule wall material i s  changed 
higher than i n  a s ingle  capsule w i t h  D20, and three times higher than 
i n  a s ingle  capsule i n  H20, 
from s t a in l e s s  s teel  t o  aluminum, the sum of the f l u x  can be raised t o  
about 1.7 times tha t  of a s ing le  capsule i n  D20, and by about 4 times 
i f  compared t o  a s ingle  capsule i n  H20. 

Gamma heating wets measured i n  one capsule during one run. 

INTRODUCTION 

The Plum Brook Reactor i s  a 60 tes t  reactor  containing a 3 by 9 
array of  type of fuel elements cooled by l i g h t  water, 
has several  test  holes f o r  i r r ad ia t ion ,  located both i n  the core and i n  
the water on the sides of  the core. The test  holes i n  the water region 

The reactor 
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have an uneven f l u x  d is t r ibu t ion  across t h e  test hole due t o  neutron ab- 
sorption by the  water, 
the f lux  l eve l s  i n  a t es t  hole can be r a i sed  by surrounding t h e  experi- 
ment with D20 ins tead  of t he  H2O normally present i n  t h e  hole. 

Previous ‘kxperiments ( r e f  * 1) have shown t h a t  

I n  order t o  invest igate  t h e  f e a s i b i l i t y  of operating three  capsules 
simultaneously i n  a tes t  hole, th ree  tests were run using a D20 tank 
holding three  experiment capsules side by side i n  the tank. 
expected t o  make use of  the low flux space which normally was l e f t  vacant 
during an experiment. 
Mock-up Reactor (MUR), which i s  a low power mock-up of t h e  60 MW Plum 
Brook Reactor, using t h e  HT-2 tes t  hole ( f i g s .  l ( a )  and ( b ) ) .  
neutron f lux  measurements were made t o  determine whether t h e  f l u x  levels 
would remain high enough t o  allow three simultaneous experiments. 

This was 

These tests were conducted i n  t h e  Plum Brook 

Thermal 

DESCRIPTION OF THE M p E R m  

This sect ion describes t h e  Mock-up Reactor (MUR), t h e  apparatus used 
t o  conduct t he  experiments i n  the  MUR, and the  experiment configurations. 

The Mock-up Reactor (W) 

The MUR ( f ig s .  l ( a )  and (b ) )  i s  a low power swimming pool type of 
reactor  located a t  t h e  Plum Brook Reactor (PBR) f a c i l i t y  ( r e f .  2) .  
MUR i s  dimensionally iden t i ca l  t o  t h e  PBR, which it simulates. 
contains 27 M!l!R type of f u e l  elements i n  a 3 by 9 array, when f u l l y  
loaded. These are t h e  same as those used i n  t h e  PBR. Light water not 
only cools the f u e l  elements by na tura l  convection, but a l so  serves as 
moderator and as a secondary r e f l ec to r ,  
Typically, the MUR i s  operated a t  10 kW f o r  20 minutes. 

The 
The MUR 

Beryllium i s  the  primary r e f l ec to r ,  

The core used i n  the MUR a t  t h e  time of the experiments was designated 
G (MUR-G) ., 
f u e l  element i n  grams shown. 

Figure l(b) shows a top ~ e w  of t h e  MUR with the  U235 mass per 

Experiments f o r  inser t ion  i n t o  the MLTR HT-2 test hole are lowered 
from the  surface of the reactor  pool t o  an in se r t ion  table .  
located at  the  pool edge operates t h e  inser t ion  mechanism which loca tes  
the  experiment within HT-2. 

A hand crank 

Experiment Apparatus 

The experiment apparatus ( f i g .  2)  consisted o f  four major par ts :  the  

Each of t he  three capsules contained one f u e l  assembly. After 
experiment canis ter ,  t h e  D20 tank, t he  experiment capsules, and the  f u e l  
assembly. 
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the capsules were placed in to  the holes i n  the  D20 tank, the tank i tself  
was inser ted  i n t o  the experiment canis terg which was then closed and in-  
ser ted i n t o  HT-2. 
w i t h  the experiment capsules and ael. assemblies as positioned i n  run 2,  

Figure 3 shows the cross section of the D20 tank 

The experiment capsules together with the  f u e l  assemblies mock up 
a FBR circulat ing gas capsule test section ( r e f .  3). The current PBR 
capsule i s  located i n  the HT-2 t e s t  hole a t  the same posit ion as cap- 
su le  #l of f igure 3. 

r. - The aluminum canis ter  was inser ted in to  the 
HT-2 t e s t  hole by means of a handle which engaged the inser t ion  mechanism. 
The canis ter  was 39.5 inches (100,O centimeters) long, with an outside 
diameter of 11-25 inches (28.6 c e n t h e t e r s )  and a usable inside diameter 
of 10,26 inches (26.0 centimeters), One end had a welded hemispherical 
head, and the other end was threaded t o  mate with a f la t  plate which pro- 
vided a s e a l  w i t h  an O-ring. However, f o r  th i s  se r i e s  of experiments, 
cooling water was allowed t o  enter  the  canis ter .  

N O  tank. - The aluminum D20 tank was 10 inches (25.4 cm) i n  dia- 
ches (79 em) long, Figure 3 show a cross section of th i s  
i t h  the three experiment capsules inser ted in to  the three 

ax ia l  holes of the tank, 
diameter. 
tank centerline,  and were spaced 120 degrees apart .  
made from aluminum and was f i l l e d  w i t h  D20. 

m a d e  from three-inch Schedule 80 aluminum pipe. 
diameter of 3.5 inches (8.9 cm) and a wall thickness of 0.300 inches 
(0.762 ern). 
by a 0.250 inch (0,635 em) thick aluminum pla te .  A s i m i l a r  plate was 
attached t o  the other end with four wing nuts t o  provide access t o  the 
inside,  A s t a in l e s s  s t e e l  l i n e r  f i t  inside the experiment capsule t o  
mock up t he  walls of the  s t a in l e s s  steel test section of the capsule of  
reference 3. 
steel pipe, which had an outside diameter of 2.875 inches (7.30 em) and 
a wall thickness of 0,276 inches (0,701 an) 

These holes were 3.75 inches (9.52 cm) i n  
The centers o f  the holes were 2.5 inches (6.35 cm) from the 

The entire tank was 

- Each of the three ex$eriment capsules were 
This pipe had an outside 

Each capsule was 31 inches (79 cm) long, with one end closed 

The l i n e r  was made from 2& inch Schedule 80 s ta in less  

a - Each f u e l  assembly consisted of two parts: the 
fuel pins,  and the  hardware fo r  positioning the &el inside the capsule. 
Figure 4 shows a cro8s section of a fie1 assembly. 

The fuel pins were made by ro l l i ng  a 2-inch (5-em) wide s t r i p  of 
uranium f o i l  on a 3/16-inch (0,475 em) outside diameter aluminum tube. 
The rolled up foil and the aluminum tube were then slipped ins ide  a 0,500- 
inch (1.27-cm) outside diameter by 0.035-inch (0 .089-a)  w a l l  thickness 
s t a in l e s s  steel tube simulating the coolant gas flow guide. 
pins were 11 inches (27.7 an) long. 

The f i e 1  
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The uranium used i n  the fuel pine was 93.2 percent enriched U235. 
The following table lists the $35 weights i n  gram for  each f u e l  pin.  

The f u e l  p in  locat ing mechanism was very simple, A 0.250-inch 
( 0  635-cm) diameter alumhum rod extending the length of each capsule 
passed through the center of two aluminum discs. The rod was used t o  
posi t ion the  fuel ax ia l ly ,  while the d iscs  centered the rod ins ide  the 
capsule, Three mock-up fuel  p ins  were held between the  discs by three 
small pins  i n  each disc. These pins  were spaced at 120 degree in t e rva l s  
about the cent ra l  rod and 0,500 inch (1.27 cm) fkom i t s  center,  
discs and the fuel pins  were moved along the rod t o  the desired posi t ion 
and then locked t o  the rod. 

The 

Test Conf'iguration 

The same hardware was used i n  each of the three MllR runs. The only 
difference between the runs was i n  the angular posi t ion of the I&O tank 
and the experiment capsules. t h  two ro t a t ions  of the tank about the 
HT-2 axis and using three iden t i ca l  experiment capsules spaced I20 degrees 
about t he  tank axis, a t o t a l  of nine sets of neutron flux measurements 
could be made. Figure 5 shows the angular posi t ions of the tank and 
experiment capsules f o r  a l l  three runs,  

Thermal Neutron Flux Measurements 

The thermal neutron f lux  l eve l s  were measured w i t h  gold f o i l s  and 
wires and uranium-aluminum a l loy  wires. 
(1027-cm) long and 0.03 inch (0.076-an) i n  diameter, while the f o i l s  were 
d isc  shaped with a diameter o f  0,250 inch (0.635 cm) and a thickness of 
0,005 inch (0,013 an), 

The gold wires were 0,5-inch 

Several of  the gold wires had cadmium sleeves. These were mounted 
at  random throughout the  experiment capsules and the D20 tank. Their 
purpose was t o  measure the fast flux, as the cadmium sleeves absorbed 
neutrons with energies below 0.5 MeV. 
of the fast flux t o  the t o t a l  neutron f lux  was obtained, and thus  pro- 
vided a correction f ac to r  fo r  the bare gold wires which measured the t o t a l  
flux. 

From these measurements the r a t i o  
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The uranium-aluminum a l loy  wires had t h e  same dimensions as the  
gold wires. 
f i s s ion  rate d i rec t ly ,  which could then be converted t o  the thermal 
neutron flux, thus providing a check f o r  t h e  gold measurements. The 
uranium-aluminum a l loy  wires were used i n  the  f u e l  region of t h e  ex- 
periment capsule, where they were interspersed aanong t h e  gold wires. 

The uranium-aluminum wires were used i n  order t o  obtain the 

The gold f o i l s  were used on t h e  outside surfaces of both t h e  D20 
tank and t h e  experiment capsule. Their f la t  shape reduced t h e  chances 
of being rubbed o f f  during t h e  assembly. 
i n  t h e  remaining posi t ions.  
i n t o  t h e  f u e l  pin tubes were taped t o  1/16-inch (0.159-cm) diameter 
aluminum welding rod, 
and easy mounting and removal of t h e  dosimeters. 

The w i r e  dosimeters were used 
The wire dosimeters which were inser ted  

This allowed both accurate posit ioning ax ia l ly  

The posi t ion of each dosimeter within the experiment capsules i s  
given by t h e  following code. 
perpendicular t o  t h e  test hole axis i s  indicated by a c a p i t a l  le t ter .  
These locat ions are shown i n  f igure  3. 
by a s t a t i o n  number as shown i n  f igure  2. The s t a t ion  number represents 
t h e  axial distance east of t h e  reac tor  center l i n e  i n  inches. The loca- 
t i o n  le t te r  and t h e  s t a t i o n  number together then give a unique posi t ion 
f o r  each dosimeter. 

The locat ion of t h e  dosimeter i n  a plane 

The axial posi t ion i s  indicated 

Tables I and I1 give the locat ion and s t a t i o n  number of each dosi- 
meter used, along with t h e  measured thermal neutron f l u x  value. 
should be  noted t h a t  the f lux  measurements at t h e  f u e l  surface (loca- 
t i o n s  K, L, and M) and on t h e  center rod ( loca t ion  5 )  were made with dosi- 
meters facing t h e  core, except fo r  f u e l  p ins  L1, L2, and L3 i n  run 1, 
which had four dosimeters each spaced 90 degrees apart. 
dosimeter locat ions were not used i n  run 3. 

It 

Also, several  

Following the i r r ad ia t ion ,  t h e  dosimeters were counted on a 512- 
channel pulse-height analyzer using a sodium iodide c rys ta l .  
gave t h e  number of counts under the gold 198 (Aulg8) photopeak fo r  t h e  
gold dosimeters. 
a 5-day decay period. 
t h e  f i s s ion  product lanthanum 140 ( La140) and barium 140 (Ba 

The analyzer 

The uranium-aluminum a l loy  wires were counted following 
The pulse-height analyzer counted thelt8-Livity of 

1. 
The count data, elapsed time from reac tor  scram t o  counting, dosi- 

meter data (mass and material), dosimeter pos i t ion  r e l a t i v e  t o  the  sodium 
iodide c rys ta l ,  i r r ad ia t ion  t i m e  and reac tor  power level were used as 
input for  a computer program. 
in tegra t ion  rate of each dosimeter. 
scram time and calculated t h e  flux per w a t t  of reac tor  power. 
gram then p r i n t  out t h e  neutron f lux  adjusted t o  a reactor  power of 60 MW 
and the  equivalent f i s s ion  power generation at  60 MW. The program calcu- 
l a t e d  t h e  thermal flux by correcting the cadmium-covered data  f o r  thermal 

This program calculated the absolute dis- 
It then corrected t h i s  rate t o  the 

The pro- 
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neutron leakage through the  covers and subtract ing the cadmium-covered 
data from the bare gold data. 
analysis  using the uranium aluminum dosimeters. 

Another program performed a similar 

Gamma Heating Measurements 

The gamma heating was measured by LiF thermoluminescent dosimeters 
(TLD) a 

0.25 inch (0.635 cm> long. They were mounted i n  the  same posi t ions as 
the  neutron flux dosimeters, separated by about 0.125 inch (0.318 cm) 
from them, Table %EX l is ts  the dosimeter locat ions used i n  run 1 to-  
gether w i t h  t he  measured gamma heating v a u e s .  
number code i s  the same as the one used i n  the neutron flux measurements. 

These were short  plastic sods 0,04 inch (0.1 cm) i n  diameter and 

The locat ion and s t a t ion  

Following the i r r ad ia t ion ,  the TLD's were counted and the r e s u l t s  
were analyzed by a computer program. 
per gram at  a reac tor  power of 60 N%!. 

This gave the gamma heating i n  watts 

The MUR was operated a t  10 kW and a rod bank height of 16 inches 
(40.7 cm) f o r  20 minutes f o r  a l l  three runs. 
analysis  of the dosimeter measurements are given i n  tables I - 111. These 
tables l i s t  the  thermall neutron flux l eve l s  and the gama  heating a t  a 
reactor  power of 60 MW for each dosimeter posi t ion.  I n  order t o  calculate  
the f i s s i o n  power generated, the following r e l a t i o n  should be used. A 
neutron f lux  of 2,13x1013 neutrons/cm2-sec generates 1 kW of  power i n  
every gram of U235 i n  the f'uel pins .  

The r e s u l t s  o f  the computer 

The uncer ta in t ies  i n  the measurements are: t18 percent i n  the absolute 
flux values, %lo percent i n  the  r e l a t i v e  f lux  values, that is ,  i n  the com- 
parison of the f l u  values between runs, and k23 percent i n  the gamma 
heating measurements 

Neutron F l u  Distr ibut ion 

Figure 6 shows the thermal neutron flux a t  60 MW as a f'unction of 
the angular posi t ion of the experiment capsule w i t h  respect t o  the HT-2 
axis. The f l u x  l eve l s  i n  t h i s  f igure  were measured at  the experiment 
capsule center l ines  ( locat ions Jls 52, and J3) .  Four curves show the 
flux d i s t r ibu t ion  at  0.5, 8, 16, and 23 inches (1.27, 20.3, 40.6, and 
58.4 cm) east of the core center l ine.  The f u e l  p in  midplane i s  perpen- 
dicular  t o  the tank and capsule axesg a t  8 inches (20.3 cm) east of the  
core center l ine.  
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Figure 7 shows the  thermal neutron f l u x  as a function of the dis- 
tance east of t h e  core center l ine f o r  the three capsules i n  run 3 as 
measured at the capsule center l ine.  
made i n  s ing le  capsule experiments using both D20 and H20 ( r e f  e 1) 
experiment capsule posi t ion f o r  these cases was the same as that o f  
capsule 1 i n  run 3 and the measured fluxes were corrected fo r  the per- 
turbat ion due t o  the molybdenum i n  the s ingle  capsule tests, 
a comparison between the s ingle  capsule and the three capsule experi- 
ments. 
a t  the posi t ion of  the capsule 1 center l ine  i n  run 1. 
staff made these measurements previously, and they are included here as 
reference points  fo r  the experimental measurements. 

This  f igure  also shows measurements 
The 

This allows 

Figure 7 a l so  includes curves for  the unperturbed flux i n  HT-2 
The MUR operating 

Figure 8 presents  the r e s u l t s  o f  the f l u x  measurements on the sur- 
face of  the fuel pins  L1, L2, and L3 a t  the f u e l  pin midplane 8 inches 
(20,3 cm) east of the core center l ine i n  run 1. It shows the  incident  
f lux  on the f u e l  pin surface a t  0, 90, 180, and 270 degrees on the c i r -  
cumference II 

- By using three iden t i ca l  experiment 
capsules and ro t a t ing  the D70 tank 90 degrees about the tank axis between 
runs, nine d i s t i n c t  angular-positions of the capsules with respect t o  
the H.T-2 axis were obtained, as described below. I n  f igure  5, run 1 
gives measurements a t  90, 210, and 330 degrees, while run 2 gives measure- 
ments a t  60, 180 and 310 degrees, and run 3 at  0, 120, and 240 degrees. 
The angles were measured f r o m  a l i n e  through the center of HT-2 and 
perpendicular t o  the reac tor  core north face. 
w i t h  another l i n e  passing through the centers of the experiment capsule 
and H.T-2. 
looking i n t o  HT-2 toward the west. Using this  convention, the 0 degree 
posi t ion faces the core, 90 degrees i s  a t  the top, 180 degrees faces 
north, and 270 degrees i s  a t  the bottom. 
meter posi t ions on the fuel pins  L l ,  L2, and L3 i n  run 1, 

This l i n e  formed an angle 

The angles were measured i n  the clockwise direct ion when 

This a lso  applies t o  the  dosi- 

The f l u x  d i s t r ibu t ion  about the test hole center i s  sinusoidal i n  
nature, as shown i n  f igure  6. As expected, the highest f lux occldrs a t  
the posi t ion nearest  the  core, while the lowest was measured f&cing north. 
On the center rod ( locat ion J) at  8 inches (20 
center l ine,  the f l u x  l eve l s  range from 4 .39~10~2  neutrons/cm2-sec a t  0 
degrees t o  0 , 7 5 6 ~ 1 0 ~ 3  neutrons/cm2-sec a t  180 degrees, a f ac to r  of 6 
difference 

cm) east of the ct,re 

The effect of the ro ta t ion  diminishes farther away from the core 
center l ine,  
f lux levels i s  only a fac tor  of three. 
posi t ion i s  beyond the edge o f  the core and the  neutrons from the core 
are moving more i n  the  d i rec t ion  of the €E-2 axis than perpendicular t o  it. 

For example, a t  23 inches ( 58.4 an), the  difference i n  the 
This  occurs because the dosimeter 
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Another number of i n t e r e s t  i s  the sum of the f lux  l eve l s  i n  the  
three capsules. This can be r e l a t e d  t o  t h e  t o t a l  f i s s ion  power produced 
i n  the  capsules, The flux values used t o  compute the sum are those 
measured on the  cen t r a l  rod (dosimeters 51-8, 52-8 and 53-8) at  8 inches 
(20.3 cm) east of t h e  core center l ine  a t  t h e  f u e l  pin midplane. 
configuration resu l ted  i n  t h e  highest  sum, since the capsules were t h e  
least distance from t h e  core. Here, the  sum of t h e  flux i n  t h e  three  
capsules was 6,80~1013 neutrons/cm2-sec, of which the capsule at 0 
degrees received 65 percent, while t h e  capsules a t  120 and 240 degrees 
received 18 and 17 percent respectively.  

The run 3 

The configuration of run 2, which had a l l  capsules a t  t h e  grea tes t  
dis tance from t h e  core , had t h e  lowest sum with 5 . 9 4 ~ l - 0 ~ 3  neutrons/cm -see 
t h i s  i s  only 13 percent below the  maximum. 
degrees received 45 and 42 percent of  t he  t o t a l  flux, while t h e  capsule 
facing north receives only 13 percent.  

The capsules a t  60 and 300 

e - By comparing run 3 with the s ingle  capsule 
tank c t  of  t h e  addi t ional  experiment capsules was 
determined,  since both runs had an experiment capsule i n  the  same posit ion.  
The difference between these runs9 aside from t h e  extra capsules, was 
t h a t  t h e  s ing le  capsule had a molybdenum s h e l l  surrounding t h e  fue l ,  which 
caused a 22 percent f l u x  drop, and t h e  s ing le  capsule had 27 grams o f  U235 
ins tead  of  the  30 grams per capsule i n  the  three-capsule tank tests. 

The correction for t h e  molybdenum was applied t o  both t h e  D20 and 
the  H20 runs of the s ingle  capsule tank before making a comparison with 
t h e  th ree  capsule tank tests. The r e s u l t s  show t h a t  adding two capsules 
at  120 and 240 degrees lowers the  f l u x  a t  t h e  center l ine of a capsule a t  
0 degrees by 26 percent when using a D20 tank. Similarly, at  t h e  center- 
l i n e  of a capsule nearest  t h e  core and surrounded by D20, t he  flux l eve l s  
were from 50 t o  100 percent higher than a s ing le  capsule surrounded by H20. 
The 50 percent difference occurred from 0 t o  16 inches (0  t o  40 h) east 
of t he  core center l ine,  w i t h  the  exception of the region near t h e  fue l  pins. 
I n  the  f u e l  pin region and a l so  from 16 t o  28 inches (40 t o  71 cm) eastg 
t h e  difference increased t o  about 100 percent. The capsule nearest  t h e  
core had flux levels about 5 percent above the  unperturbed H2G measure- 
ments, and between 37 and 85 percent below the unperturbed void measure- 
ments. This i s  shown i n  f igure  7. 

The f lux  l eve l s  on the outs ide of t h e  D20 tank ( locat ions A4 B, C, 
and D) were almost t h e  same f o r  runs 1 and 2, so that  these measurements 
along with those on t h e  outside of t h e  experiment capsules ( loca t ions  F, 
G, H, and I) were omitted i n  run 3. 
on the  outside of  the s ingle  capsule D20 tank, t h e  following r e s u l t s  were 
obtained. On t h e  side facing the core, the flux levels were almost the 
same. 
any e f f e c t s  o f  a s l i g h t  ro ta t ion  of t he  tank, t h e  three capsule tank f l u x  
l e v e l s  were 13 percent below t h e  s ingle  capsule tank. 
of the  bank, however, the flux levels dropped about 80 percent from the 

Comparing these with the  measurements 

Averaging t h e  measurements from the top and t h e  bottom t o  eliminate 

On the north side 
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s ingle  capsule measurements. This  r e s u l t s  from the  addi t ional  stainless 
s t e e l  added t o  the tank by the two extra  experiment capsules between the 
core and the dosimeters, and f’rom the lower volume o f  D20 i n  t he  tank. 

Effects  of t he  fuel .  - The presence of the fuel pins a f f ec t s  only 
Effects  a t  the center of the the  regions i n  the  v i c in i ty  of the fuel. 

fuel ,  at  the fuel p i n  surface and between the fuel pins are considered. 
These locat ions a re  at  8 inches (20 cm) east of the  core center l i n e ,  

On the  aluminum rod passing between the  fuel p i n s  ( locat ion J), the  
This  value i s  an average of a l l  three cap- 

This compares with a value of 32 percent obtained 
The f lux depression i s  s l igh t ly  lower 

f lux  drops about 26 percent. 
sules  and three runs. 
from the s ingle  capsule t e s t s *  
because i n  t he  three capsule f u e l  assemblies the f u e l  pins  contain more 
fue l ,  b u t  the  f u e l  i s  s l igh t ly  f’urther away from the center rod than i n  
the s ingle  capsule, The net r e s u l t  i s  a reduced f lux  depression due t o  
the fue l .  The f lux  drop is  calculated by the  following method. F i r s t ,  
the  measured fluxes along the  center rod are p lo t ted  as i n  f igure 7, wi th  
the exception of the  values near the fuel .  A curve i s  then f i t t ed  t o  the 
points on both s ides  of the  fuel. This i s  the approximate f lux  dis t r ibu-  
t i on  without the  fuel. 
then compared t o  the interpolated value, resu l t ing  i n  the perturbation 
due t o  the f u e l .  

The measured f lux value a t  the fue l  midplane i s  

The r a t i o  of  the f lux incident on the f u e l  surface t o  the f lux in-  
side the  f u e l  i s  3 . 2 ~ 1 .  This i s  an average over a l l  capsules and runs, 
and i s  10 percent higher than the  s ingle  capsule value o f  2.9:X ( r e f ,  1). 
This  difference could be due t o  the 10 percent greater  fuel mass i n  the  
three  capsule fuel pins.  Because the dosimeters were mounted on the out- 
side of the s t a in l e s s  s t e e l  tube mocking up the  coolant gas flow guide, 
a 10 percent correction was applied t o  account for  the f lux  drop through 
the tube wall ( r e f .  1). 

I n  run 1, the  f u e l  pins LJ, L2, and L3 had four dosimeters mounted 
on the flow guide tube a t  90 degree in te rva ls  at  the  f ie1 midplane, 
r e s u l t s  of these measurements are shown i n  f igure 8 9  showing t h a t  the 
f lux measurements made by the dosimeters mounted so that they face the  
core w i l l  r e s u l t  i n  values 11.5 percent higher than the  average. A 1 1  
dosimeters on the f u e l  pins i n  a l l  three runs except pins L1, L2, and L3 
i n  run 1 were mounted i n  t h i s  fashion. 
measured on the circumference of the  f ie1 pin can vary by *12 percent 
r e l a t i v e  t o  the average f lux depending on the locat ion of the dosimeter 
on the f u e l  pin surface. 

The 

Figure 8 also shows that the f lux 

The effectiveness of the  three capsule tank may be measured by com- 
paring both the f lux  measured i n  each capsule, and the sum o f  the flux 
leve ls  i n  a l l  three capsules with the f lux  measured i n  a s ingle  capsule 
configuration. 
between the  fuel pins  at 8 inches (20.3 an) eas t  of t he  core center l ine 

For t h i s  comparison, the f lux  measured on the center rod 
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was chosen. For example, the sum of the f lux  l eve l s  i n  the th ree  cap- 
su les  surrounded by D20 was 1.3 times greater than the  f lux  i n  a single 
capsule i n  D20, Likewise, comparison with a s ingle  capsule surrounded 
by H20, which i s  the typ ica l  test configuration, shows that  the sum of 
the  flux l eve l s  i n  the three  capsule c lus t e r  i n  D20 i s  3.1 times greater. 
I n  the configuration of run 3 ( see  f ig .  5) which has the  highest f lux  
levels, the capsule nearest  the  core has f l u x  levels about 2 times 
higher i n  t h e  rue1 pin region than a s ing le  capsule i n  H20. 
each of the two remaining capsules i s  about one half of  the flux i n  the  
s ing le  capsule i n  H20. 

The flux i n  

Gamma Heating Distr ibut ion 

Gama heating measurements were made only on the center rod of  
capsule 2 i n  run 1. The re su l t s ,  along w i t h  measurements fo r  t h e  unper- 
turbed t e s t  hole, are shown i n  figure 9. The measurements of  t h i s  study 
appear t o  cor re la te  with the measurements i n  the unperturbed, voided test 
hole. Figure 9 shows a discont inui ty  i n  the f u e l  pin region. This re- 
s u l t s  from the high gamma heating due to the  secondary gamma radia t ion  
from f i s s i o n s  i n  t he  f u e l  pins ,  which saturated the dosimeters at 
5 watts/gram, preventing measurement o f  gamma heating i n  t h i s  region. 

SuMMpsaY OF RESULTS 

Three experiments were run i n  the  HT-2 test hole of t h e  Plum Brook 
Mock-up Reactor, The experiments used three i d e n t i c a l  t e s t  sect ions i n  
a D20 tank, The e f f e c t  of the angular posi t ion o f  the capsule about t he  
HT-2 center l i ne ,  t he  e f f ec t  of adding two capsules to a tank previously 
containing a s ingle  capsule, and the e f f ec t  o f  t he  fuel on the  f lux  dis- 
t r ibu t ion  within the  experiment capsules was determined. 
r e s u l t s  were obtained: 

The following 

1. The flux d i s t r ibu t ion  about the  test hole  axis as measured a t  
t h e  experiment capsule center l i n e  i s  s inusoidal  i n  nature. At the fue l  
midplane, the flux levels range from 4.39x1013 neutrons/cm2-sec for a 
capsule facing the core t o  0.756xl013 neutrons/cm2-sec when the  capsule 
faces away from the  core. This i s  a fac tor  of 6 difference.  

2, The sum of the flux i n  the  three capsules when they a r e  fu r thes t  
from the core i s  only 13 percent below the  sum of the  f lux  when they are 
nearest  t he  core. 

3. I n  a three capsule D20 tank, the capsule nearest  the core has a 
f l u x  l e v e l  which i s  26 percent lower than an i d e n t i c a l  capsule i n  a s i n g l e  
capsule D20 tank, and two times higher than a s ingle  capsule i n  H20. 
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4, Ninety grams of  U235 fuel contained i n  nine f ie1 pins  with 5 
grams of  U235 per inch (2  grams of U235 per cm) resu l ted  i n  the  following 
f l u x  perturbation. 
f l ux  measured on the rod passing between the  fuel pins  by 26 percent at  
the fuel pin midplane. 
the fuel pin t o  the flux at the  center of the &el pin was 3.2:l, 
f l ux  measured on the surface o f  the fuel p in  varied by *12 percent 
relative t o  the average, depending on the circumferential  posi t ion of  
the dosimeter. Dosimeters mounted on the f u e l  pins  so that they faced 

The presence of the fuel i n  the f i e1  pins  lowers the 

The r a t i o  of the f lux  measured at the surface of 
The 

the  core measured flux level 11.5 percent higher 
received by the f u e l  pin.  

5. The sum of the f lux  levels i n  the three 
higher than the f lux  i n  a s ingle  capsule i n  D20, 
the  flux i n  a s ingle  capsule i n  H20. 

6, Gamma heating measurements show tha t  at  

than the average f l u x  

capsules was 1.3 times 
and 3.1 times higher than 

the cawule  center l ine  
the gamma heating ranges *om 2.3 watts/gram at 3 inchex (7.6 cm) east 
of the reactor  core center l ine  t o  1.40 watts/graxn at  13 inches (33.0 cm) 
east. 
due to f i ss ioning  i n  the &el pins.  

The g m a  heating near the  f u e l  pins  was greater than 5 watts/gram 

CONCLUDING RENARKS 

I n  a three capsule tank, the two capsules away *om the core have 
lower f l u x  levels than the capsule near the core. 
two capsules would probably operate at lower power and pressure than the 
capsule near the core, they could be made more e f f ec t ive  by making the  
capsule w a l l  ou t  of aluminum or thinner s t a i n l e s s  steel. 
raise the  f lux  l e v e l  i n  each capsule at least t o  that of a s ing le  capsule 
i n  H20. 
steel l i n e r  measured i n  reference 1. 
sum of the flux i n  the three capsules t o  about 1.7 times the f l u x  i n  
the s ingle  capsule with D20. 

This effect can be used t o  advantage i n  the c i rcu la t ing  gas capsule 
tests ( r e f .  3). The capsule facing the core w i l l  have a high S1'zx and 
power level and require  1000 t o  2000 ps i  of" gas pressure, and must be made 
out of s t a in l e s s  steel. The remaining two capsules w i l l  have lower f lux  
and power l eve l s  and therefore  need lower gas pressures (500 t o  1000 p s i ) ,  
80 tha t  they can be made from aluminum o r  t h i n  wall s t a in l e s s  steel ,  
This could increase the  sum of the f lux  i n  the three capsules t o  over 4 
times the  flux i n  a s ingle  capsule surrounded by water. 

However, s ince these 

This  should 

This  estimate i s  based on the per turbat ion f o r  the s t a i n l e s s  
This  change should increase the 
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(a )  Side view at core north-south vertical midplane, 

F igu re l .  - Mockup reactor. (Al l  dinlensions are in inches km) . )  
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1 t o  3. ( No dosimeters were mounted on the tank .surface i n  run 3 ) 
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